Abstract: Molecular techniques were used to compare the compositions of the bacterial communities of the 2 following lagoons from the former soda Texcoco Lake, Mexico: the restored Facultativa lagoon and the Nabor Carrillo lagoon. Ribosomal intergenic spacer analysis (RISA) revealed that bacterial communities of the 2 lagoons were different and presented a relatively low diversity. Clone libraries of 16S rDNA genes were constructed, and significant phylotypes were distinguished by restriction fragment length polymorphism (RFLP). A representative clone from each phylotype was partially sequenced. Molecular identification and phylogenetic analyses based on ribosomal sequences revealed that the Facultativa lagoon harbored mainly γ-and β-Proteobacteria, low G+C Gram-positive bacteria, and several members of the Halobacteriaceae family of archaea. The Nabor Carrillo lagoon mainly included typical halophilic and alkaliphilic low G+C Gram-positive bacteria, γ-Proteobacteria, and β-Proteobacteria similar to those found in other soda lakes. Several probably noncultured new bacterial species were detected. Three strains were isolated from the Nabor Carrillo lagoon, their partial 16S rDNA sequences were obtained. On this basis, they were identified as Halomonas magadiensis (H1), Halomonas eurihalina (H2), and Staphylococcus sciuri (H3). This is the first study that uses molecular techniques to investigate potential genetic diversity in the Texcoco lakes. In this preliminary evaluation, we infer the presence of alkalophilic, halophilic, or haloalkaliphilic bacteria potentially useful for biotechnology.
Introduction
In recent years, there has been more interest in studying the microbiology of soda lakes since these naturally occurring alkaline hypersaline environments are the potential source of diverse microorganisms. Halophiles, alkalophiles, and haloalkaliphiles, useful for the development of new bioprocesses and microbial products of commercial interest, might be isolated from these environments (Horikoshi 1999; Oren 2002 ). The few reports concerning the microbial diversity of soda lakes suggest that they harbor a phylogenetically diverse microbial population, including Archaea, Cyanobacteria, γ-Proteobacteria (Halomonas and Pseudomonas), and Gram-positive bacteria (mainly bacilli and actinomycetes) (Duckworth et al. 1996; Jones et al. 1998 ). These studies have mainly relied on classical isolation techniques that have probably not detected all the types of microorganisms present at these sites (Humayoun et al. 2003; Litchfield and Gillevent 2002) . It is now well known that only a small proportion of the microorganisms from an environmental sample can be isolated and cultured in laboratory conditions (Roszak and Colwell 1987) . PCR amplification followed by cloning of the 16S rDNA genes derived from the total DNA extracted from environmental samples and subsequent phylogenetic analysis of the cloned sequences have enhanced our ability to assess naturally occurring biodiversity in many environments (Amann et al. 1995) . These analyses may assist in the experimental manipulation of culture conditions to provide the correct growth environment for targeted bacteria during the bioprospecting and isolation of microorganisms of interest.
Contrary to other soda lakes, which are mainly nonpolluted due to their inaccessibility, the former soda Texcoco Lake, localized at the east of Mexico City, suffered many disturbances because of human activities. Disturbances include drainage of the lake since the 17th century to halt flooding of the city and irrigation of the generated soils with sewage sludge since the 1970s (Orozco and Madinaveitia 1941; Ortega-Guerrero et al. 1997) . In the last 20 years, the Nabor Carrillo lagoon has been a lake with limited access, and the Facultativa lagoon has been used as a stabilization lagoon fed with treated wastewater. Both water bodies, located in the same geographical site, are not connected.
A study concerning the biological characterization of the former soda Texcoco Lake has been published; however, it only dealt with some dried ancient bottoms of this lake and the biomass was reported as colony forming units of bacteria, actinomycetes, denitrifiers, and cellulose-utilizing microorganisms (Luna-Guido et al. 2000) . The present study was performed to preliminarily evaluate the actual bacterial diversity in the Facultativa and Nabor Carrillo lagoons from Texcoco, Mexico, inferring their exploitable biotechnological potentials. This was done by analyzing the sequences retrieved from a 16S clone library obtained from water samples collected from the surface of the lagoons. Classical microbiological techniques allowed the isolation of 3 bacterial strains (H1, H2, and H3) from a Nabor Carrillo lagoon sample, whereas 9 different types of bacteria were detected in the corresponding 16S rDNA library.
Materials and methods

Source of samples and water analysis
The surface water samples, named TXA and TXB, used in this study were collected from the Texcoco Facultativa and Nabor Carrillo lagoons, respectively, located in the valley of Mexico City at an altitude of 2240 m above the sea level in December 2000. The samples were directly collected in sterile bottles from the surface of the 2 lagoons and maintained in darkness at environmental temperature until they arrived at the laboratory (within 5 h after collection). The water chemistry was determined in triplicate by using standard methods described elsewhere (APHA 1980) . The TXA and TXB water samples presented the following respective physicochemical characteristics: pH, 8.8 and 9.5; temperature (°C), 19 and 18; conductivity (mS/cm), 2.9 and 6.4; deduced salinity (g/L), 2.0 and 4.5; alkalinity (g/L CaCO 2 ), 0.75 and 1.40; organic matter content (%), 0.08 and 0.17; and chlorides (g/L), 1.4 and 0.9. The TXA water sample was transparent, slightly green in color, had small suspended particles, and a slightly fetid smell, whereas the TXB water sample was transparent, colorless, and odorless.
Total DNA extraction and purification
The water samples were used directly or filtered and resuspended in 5 mL of 10 mmol/L NaCl before proceeding with DNA extraction. Total DNA of the TXA and TXB samples was isolated using a modified cetyltrimethylammoniumbromide method (Ausubel et al. 2002) . Briefly, 5 mL of resuspended filtered material was incubated at 37°C for 1 h with 375 U of mutanolysin before adding 500 µL of 10 mg/mL lysozyme. DNA concentration and quality were evaluated by electrophoresis in 1% (w/v) agarose gels in 1× TBE buffer (89 mmol/L Tris, 89 mmol/L boric acid, 2 mmol/L EDTA) and stained with ethidium bromide (4 µg/mL).
Polymerase chain reaction amplification of 16S rDNA and ribosomal intergenic spacer analysis
Polymerase chain reaction (PCR) amplifications were performed with a RoboCycler ® thermal cycler (Stratagene, La Jolla, California). Reaction mixtures contained 0.1 µg of template DNA, 10 µL of 1× reaction buffer (5 mmol/L KCl, 1 mmol/L Tris-HCl, pH 9), 1.5 mmol/L MgCl 2 , 0.1% Triton X-100, 0.2 mmol/L of each deoxynucleoside triphosphates (dNTPs), 50 pmol of each primer, and 2 U of Taq Polymerase (Amersham Pharmacia Biotech Inc., Piscataway, New Jersey).
Ribosomal 16S rDNA genes were amplified using the universal bacterial primers Fd1, 5′-CAGAGTTTGATCCTG-GCTCAG-3′ (forward), and Rd1, 5′-AAGGAGGTG-ATCCAGCC-3′ (reverse), corresponding to positions 8 to 28 and 1526 to 1542 from the Escherichia coli 16S rDNA gene, respectively (Weisburg et al. 1991) . The following PCR conditions were used: an initial denaturation at 95°C for 3 min; 30 cycles of 1 min at 95°C (denaturation), 1 min at 53°C (annealing), and 2 min at 72°C (extension); and a final extension at 72°C for 10 min.
The ribosomal internal transcribed spacers plus a fragment stretch of the 16S rRNA (approx. 500 nucleotides) for ribosomal intergenic spacer analysis (RISA) were amplified with the primers B1055, 5′-AATGGCTGTCGTCAGCTC-GT-3′, and 23SOR, 5′-TGCCAAGGCATCCACCGT-3′, corresponding to positions 1055 to 1074 and 21 to 38 of the E. coli 16S and 23S rDNA genes, respectively (Acinas et al. 1999) . The following conditions were used for RISA: an initial denaturation at 95°C for 5 min; 35 cycles of 94°C for 1 min, 55°C for 1 min, and 72°C for 2 min; and an extension step of 10 min at 72°C. RISA-PCR products were analyzed by electrophoresis in 7% PAGE gels and stained with ethidium bromide (Ausubel et al. 2002) .
16S rDNA gene cloning and screening by restriction fragment length polymorphism
PCR products corresponding to the 16S rDNA genes were excised from 1% agarose gels and purified using the QIAquick gel extraction kit (Qiagen Inc., Valencia, California) according to the manufacturer's instructions. The purified PCR fragments were then cloned into the pGEM-T Easy Vector (Promega, Madison, Wisconsin) and the resulting ligation products were used to transform electrocompetent E. coli JM109 cells. Positive clones were detected by the appearance of white colonies in solid medium containing 80 µg/mL X-Gal and 0.5 mmol/L isopropylthiogalactoside (IPTG). Recombinant plasmids were isolated from overnight cultures by alkaline lysis (Sambrook et al. 1989) , and restriction analysis with EcoRI to detect the inserts was performed. The clones were then analyzed by restriction fragment length polymorphism (RFLP) by digesting the plasmids with ApaI and EcoRI (Janssen et al. 1996 ).
Simpson's index of diversity
The reciprocal Simpson's index of diversity (D), frequently used in microbial ecology studies, was chosen to characterize the 2 samples TXA and TXB. This index (D) is given by the following equation:
In this work, N was the total number of clones in the sample population, s was the total number of RFLP patterns described, and n j was the number of clones belonging to the jth RFLP pattern. Clones with unique patterns were considered operational taxonomic units (OTUs) and their RFLP dominance patterns were evaluated as abundance profiles. Simpson's index of diversity ranges from 0 to 1, where a value of 0 indicates no discrimination, and a value of 1 indicates that every strain or clone can be discriminated (Hunter 1990 ). The reciprocal of Simpson's index (1/D) reflects differences in diversity when 2 or more samples are compared.
Sequencing and phylogenetic analysis of 16S rDNA genes
The representative clones selected by RFLP were sequenced using the R2 primer (5′-GTATTACCGCGG-CTGCTG-3′), which is a reverse primer relative to the 16S rDNA gene corresponding to positions 502 to 519 of the E. coli 16S rDNA gene, and the Thermo Sequenase Cy5.5 Dye Terminator Cycle Sequencing Kit and an automatic sequence analyzer ABI PRISM 310 Genetic Analyzer (PerkinElmer Applied Biosystems Inc., Boston, Massachusetts). The sequences were tested for chimeras by using the CHI-MERA-CHECK program of the Ribosomal Database Project (http://rdp.cme.msu.edu/ html/). The partial 16S rDNA sequences (ranging from 359 to 502 bp) were then subjected to a BLAST search (Karlin and Altschul 1990 ) to obtain some of the best matching sequences. The sequences of this work and of the GeneBank were aligned using the multiple alignment program CLUSTAL X (Thompson et al. 1997 ) with some manual adjustments. Only common 16S rDNA regions and parsimony informative sites were included in the analyses. All alignment gaps were treated as missing data. The transversion/ transition weighting using the Tamura-Nei model (Tamura and Nei 1993) and the number of base substitutions between a pair of sequences was estimated using program MEGA v. 2.1 (Kumar et al. 2001) . Phylogenetic relationships among the sequences were estimated from sequences of data sets using PHYLIP v. 3.5c (Felsenstein 1993) . Neighbor-joining using Felsenstein 84 model (Thorne et al. 1992 ) of distance analysis was applied, and bootstrap analyses (Hillis and Bull 1993) of 1000 replications were assessed to support internal branches. The neighbor-joining consensus trees were generated using the majority rule with the transversion/transition ratio obtained with MEGA2. Nucleotide similitude percentages between sequence problem and its closest match sequence to define genus and species were 95% and 97.5%, respectively (Rossello-Mora and Amann 2001). In addition, the 16S rDNA sequences from 3 previously isolated strains (H1, H2, and H3) from the Nabor Carrillo lagoon (L. Fernández, unpublished data) were included in these analyses.
Nucleotide sequence accession numbers
The 22 new sequences reported in this paper were deposited in GenBank with accession numbers AY500160 to AY500181.
Results
Physicochemical characteristics of the Texcoco water samples
The Facultativa lagoon, where the TXA sample was collected, is an artificial water treatment lagoon in which a fraction of wastewaters from Mexico City are collected and treated before being used to irrigate the soils of Texcoco Lake. The TXB sample was taken from the Nabor Carrillo lagoon, the biggest restored lagoon of the former soda Texcoco Lake. The temperature of the TXA and TXB samples was 19°C and 18°C, respectively. The 2 water samples, TXA and TXB, were alkaline and saline with pH values of 8.78 and 9.5, respectively, and conductivity of 3.0 and 6.4 mS/cm, respectively. The concentration of phosphate, sulfate, chloride and carbonates were of 0.087, 0.67, 1.385, and 0.744 g/L for TXA, respectively and 0.057, 0.191, 0.920, and 1.369 g/L for TXB, respectively. The chemical oxygen demand (COD) values were 183.68 mg/L for TXA and 244.80 mg/L for TXB.
RISA
Analysis of the 16S-23S intergenic regions, also called RISA, was performed on the DNA extracted from the TXA and TXB samples. A region spanning the 16S rDNA fragment plus the spacer region was amplified and the expected size range was 600 to 1600 bp (Fig. 1) . Approximately a dozen bands were produced for the TXA and TXB samples, indicating a relatively low diversity. Different banding patterns from the 2 samples were obtained, suggesting that each lagoon contained different bacterial populations.
Obtention of 16S rDNA clone libraries
Bacterial diversity of the TXA and TXB water samples was further investigated by cloning PCR-amplified 16S rDNA genes to generate 16S rDNA gene libraries. The positive clones containing 16S rDNA inserts were screened by RFLP to identify clones with different restriction patterns, which correspond to different types of organisms. Rarefaction curves of TXA and TXB libraries reached a clear saturation after screening 108 and 85 rDNA clones, respectively, or when a total of 11 and 9 RFLP patterns or phylotypes were distinguished, respectively. For the TXB library, 85 rDNA clones produced 9 different restriction fragment patterns or phylotypes. No common phylotypes were found between the TXB and TXA samples. A clone representing each restriction pattern was sequenced, and the obtained sequences were submitted to a BLAST search to retrieve the corresponding phylogenetic relatives. Table 1 lists the representative clones of each RFLP group in the TXA and TXB libraries, as well as their closest matching relatives in the database and their phylogenetic affiliations. The number of base substitution rates between a pair of sequences is shown.
Simpson's index of diversity
Values of discriminatory power calculated by reciprocal Simpson's index of diversity were D = 1.12 for the Nabor Carrillo lagoon and D = 1.18 for the Facultativa lagoon.
Phylogenetic analysis
The relative abundance from the different microbial groups in the TXA libraries was 62%, 18.5%, and 19.4% for α-and β-Proteobacteria, low G+C content Gram-positive bacteria, and archaea, respectively. The TXB library displayed 29.4%, 64.7%, and 5.8% relative abundance for α-and β-Proteobacteria, high and low G+C content Grampositive bacteria, and archaea, respectively. Thus, the retrieved sequences were basically related to recognized halophilic and (or) alkaliphilic archaea and bacteria. Three neighbor-joining phylogenetic trees corresponding to α-and β-Proteobacteria, low G+C content Gram-positive bacteria, and euryarchaeota were constructed to visualize the relationships between the sequences determined from the TXA and TXB clone libraries and related organisms from the GenBank database ( Fig. 2A, B, C) . Despite that nonarchaeal specific primers were used in the PCR procedures, a significant abundance of euryarchaeotal rDNA was obtained in the TXA and TXB samples.
Among α-and β-Proteobacteria, the TXB-37, TXA-24, and TXB-25 clones and the H1 and H2 isolates were Thauera aromatica, Pseudomonas aeruginosa, Pseudomonas anguilliseptica, Halomonas magadiensis, and Halomonas eurihalina, respectively. In relation to the high and low G+C content Gram-positive bacteria, the TXB-17, TXB-8, and TXA-20 clones were Thermobispora bispora, Natroniella acetigena, and Bacillus halophilus, respectively. TXB-12 and TXB-14 corresponded to different strains of Bacillus subtilis. Clearly, the euryarchaeota TXB-36 clone was a strain of Halosimplex carlbadense, but TXA-1 could not be associated with a specific species of the Natrinema genus. The H3 isolate was clearly identified as Staphylococcus sciuri (nucleotide similitude = 99.62%).
The α-and β-Proteobacteria TXA-30, TXA-29, TXA-13, TXA-15, and TXB-50 clones, the low G+C content Grampositive bacteria TXB-44 clone, and the euryarchaeota TXA-40 and TXA-34 clones had no close relatives in the database (nucleotide similitude <97.5%). In addition, 2 clones had nucleotide differences >5% (TXA-16 and TXB-50).
Discussion
In contrast to other soda lakes, the soda Texcoco Lake localized in the central valley of Mexico has been seriously affected by human activities during the expansion of Mexico City. Disturbances have included the drainage of the lake since the 17th century and the irrigation of the generated soils with sewage sludge since the 1970s (Orozco and Madinaveitia 1941; Ortega-Guerrero et al. 1997) . Some lagoons were then restored, this is the case of the Nabor Carrillo lagoon, and the Facultativa wastewater treatment lagoon was created. Hence, the actual bacterial diversity in the Texcoco Lake may have been disturbed in comparison with a typical natural soda lake. The present study was performed to detect the bacterial flora present in these lagoons and to infer appropriate culture media for the recovery of microorganisms with exploitable biotechnological potential.
Only one study concerning the microbiology of the Texcoco Lake has been published; however, it only dealt with the microbiological characterization of the bed of the ancient Texcoco Lake after it dried out. This study only included colony counts of total bacteria, actinomycetes, denitrifiers, and cellulose-utilizing microorganisms (LunaGuido et al. 2000).
We followed a molecular approach based on the analysis of 16S rDNA genes from total DNA extracted from surface waters of the Facultativa and the Nabor Carrillo lagoons to evaluate the bacterial diversity in these sites, as previously reported for other natural environments (Sekyguchi et al. 1998) .
The RISA technique has been used as a preliminary evaluation of the bacterial diversity in several environmental samples (Gürtler and Stanisich 1996) . In this work, the bacterial communities inhabiting the Facultativa and the Nabor Carrillo lagoons were evidenced by RISA and different banding patterns were obtained, suggesting a different bacterial composition in the 2 sampled lagoons. Each lagoon showed approximately a dozen of bands, indicating that there might be around 10 different types of bacteria in each sample. A low number of denaturing gradient gel electrophoresis (DGGE) phylotypes have also been observed in soda lakes and solar saltern ponds in other geographical locations, suggesting that the bacterial diversity at these sites is generally low (Øvreås et al. 2003; Rees et al. 2004 ). In our study, a similar diversity deduced from RISA and RFLP-16S rDNA clone library analyses was observed, and no common RFLP phylotypes and sequences between the Facultativa and the Nabor Carrillo libraries were found. A study taking into account other depths and seasons should be considered in future approaches, and comparison of the banding patterns between different depths and seasons should yield important information concerning the bacterial community structure.
A relatively high value of discriminatory power was obtained for both soda lake samples. The reciprocal Simpson's indexes of diversity for TXA and TXB samples were D = 1.12 and D = 1.18, respectively. Since 1/D index values below 50 show typical dominance profiles and values below 4 show typical uniform profiles (Zhou et al. 2002; Stach et al. 2003) , the samples analyzed depict no typical dominance profiles of RFLP clones or OTUs, implying that a clear uniform profile exists in these communities. Besides, a comparison of both indexes suggest a similar bacterial complexity in both environments.
The bacterial diversity in the 2 lagoons was then studied more precisely by analyzing 16S rDNA clone libraries obtained from each site. The RFLP preliminary analysis deter- b Grouped after RFLP analysis (phylotypes). c The best match was selected using the closest sequence from the phylogenetic tree. d Similarity percentage was estimated by considering the number of nucleotide substitutions between a pair of sequences divided by the total number of compared bases × 100%.
e The nucleotide similitude percentages between the sequence problem and its closest match sequence to define genus and species were 95% and 97.5%, respectively (Rossello-Mora and Amann 2001). Possible members of a new species were designated as sp., and new possible genus were assigned at the family level. Table 1 . Representative 16S rDNA cloned fragments and their phylogenetic affiliation. mined 11 and 9 different phylotypes in the lagoon samples. The phylogenetic analysis of the sequenced clones also revealed that the 2 lagoons harbor different bacterial populations. The majority of identified or assigned species were similar to other previously identified halophilic and (or) alkaliphilic bacteria.
Despite the lack of resolving power of the 16S rDNA gene sequence at the species level, a general molecular crite-rion has been proposed to define the limits of genus and species in prokaryotes using molecular data originating from 16S rDNA gene sequences (Rosello-Mora and Amann 2001). In this work, we considered 95% and 97.5% as limits to define genus and species, respectively. Beyond these definitions, we assigned 13 clones to previously identified bacte-ria, 6 clones to new species, and 2 clones to new genera and species.
The Facultativa (TXA sample) and the Nabor Carrillo (TXB sample) lagoons harbored microbial communities mainly containing α-and β-Proteobacteria, low G+C content Gram-positive bacteria, and archaea. The large proportion of γ-and β-Proteobacteria in the Facultativa lagoon is not surprising since these bacterial groups are frequently found in wastewater treatment reactors (Bond et al. 1995; Manz et al. 1994; Muyzer et al. 1993; Snaidr et al. 1997) .
In both lagoons, sequences belonging to Pseudomonas spp. and Thauera spp. (TXB-37, TXA-13, and TXA-15) were detected. These genera are able to degrade a wide range of toxic organic pollutants under denitrifying conditions (Mechichi et al. 2002; Song et al. 2000 Song et al. , 2001 , and halophilic/halotolerant isolates could be useful for the biological treatment of highly saline industrial effluents. Pseudomonas spp. have already been reported in soda lakes in contrast to Thauera spp., which probably originate from wastewaters (Jones et al. 1998) . In fact, Thauera was an important member of the Facultativa lagoon, hardly contaminated with organic residues, but it was also detected in the restored Nabor Carrillo lagoon. Thus, these species are probably adapted to living in alkalophilic and highly saline environments and are able to degrade organic compounds; they could be of interest in halophilic/alkalophilic bioremediation processes.
Sequences belonging to γ-Proteobacteria Halomonas magadiensis (H1) and Halomonas eurihalina (H2) were detected in the Nabor Carrillo lagoon. Halomonas magadiensis was previously isolated from several saline and alkaline East African soda lakes, whereas H. eurihalina was described as moderately halophilic (Duckworth et al. 1996; Quesada et al. 1990 ). Halophilic and halotolerant bacteria are potentially useful for the biological treatment of wastes and spills. Some halophilic/halotolerant bacteria are also known to produce biosurfactants useful to enhance oil spill remediation, especially in marine environments (Banat et al. 2000) and possibly in soda lakes. Furthermore, a Halobacterium strain able to degrade C10-C30 n-alkanes in the presence of high salt concentrations has been isolated (Kulichevskaya et al. 1992) .
Sequences belonging to low G+C Gram-positive haloalkaliphilic bacteria, such as, Natroniella acetigena (TXB-8), Alkalibacterium spp. (TXB-44), and Bacillus halophilus (TXA-20) were detected. Their possible role in the degradation of pollutants or their ecological importance cannot be clearly inferred here. A large proportion of Bacillus subtilis strains (TXB-12 and TXB14) was found. The dominance of these OTUs might be due to the fact that these bacteria are known to contain multiple copies of ribosomal RNA operons, leading to an overestimation of these bacteria in 16S rDNA libraries (Farrelly et al. 1995) . The Bacillaceae constitute a heterogeneous group of organisms able to survive through adverse environmental conditions; they have been associated with highly saline and alkaline environments (Takami and Horikoshi 2000; Ventosa et al. 1998) . Alkaliphilic Bacillus spp. produce useful alkaline extracellular enzymes (Horikoshi 1999) . Many alkalophilic and halophilic species have not been precisely classified yet and are often simply described as Bacillus spp. The actinomycete Thermobispora bispora (TXB-17) was also recognized. Actinomycetales have been found in the prokaryotic communities of soda lakes (Jones et al. 1998) ; however, members of the genus Thermobispora (formerly Microbispora) have not been reported in these environments before.
Sequences belonging to halophilic Archaea were detected (TXA-1, TXA-34, TXA-40, and TXB-36), which were related to other archaea from soda lakes (Jones et al. 1998) . However, the TXA-40 and TXA-34 clones appeared to represent novel genera or species within the Halobacteriaceae family. Natrinema sp. (TXA-1) has been isolated from relatively low-salt environments (McGenity et al. 1998; Mormile et al. 2003) . There are no reports concerning its potential application in bioremediation processes, and its possible use has only been explored in the production of recombinant glycosylation enzymes and tailor-made S-layer glycoproteins in large quantities, which are commercially not yet available (Schaffer and Messner 2001) . Clone TXB-36 was highly homologous to the halophilic bacterium Halosimplex carlsbadense; this recently described genus has never been associated with soda lakes. Interestingly, these organisms were also detected in salt crystals from a 250-million-year-old formation in New Mexico (Vreeland et al. 2002) .
Strain H1 was related to Halomonas magadii, a strain isolated from a soda lake of the East African Rift Valley (Duckworth et al. 2000) . Strain H2 was highly related to Halomonas eurihalina, a moderately halophilic bacterium that produces an exopolysaccharide with a potentially wide range of applications in industry (Llamas et al. 2002) . Strain H3 was related to Staphylococcus sciuri, which metabolizes aromatic compounds, such as, phenols and catechols (Mrozik and Labuzek 2002) .
Recently, it was reported that isolates of halophilic archaea tolerate or degrade hydrocarbon pollutants (Raghavan and Furtado 2000) . It is important to isolate and explore the use of such halophilic archaea from environments, such as, the Facultativa and the Nabor Carrillo lagoons for bioremediation purposes.
To better define the bacterial populations that inhabit waters from the Texcoco Lake, we used a culture-independent strategy based on the construction of 16S rDNA libraries by amplifying 16S rDNA sequences from total DNA using PCR, followed by cloning of the produced amplicons in E. coli. The pitfalls associated with this strategy have been extensively reviewed elsewhere (von Wintzingerode et al. 1997) . We used conditions to reduce PCR biases, such as, high DNA template concentration (0.1 µg/reaction) and no primer degeneracies, but we cannot be sure that the abundance of a particular 16S rDNA sequence in our libraries correlates with its abundance in the environment. The relative amount of 16S rDNA sequences in total DNA templates may also lead to an erroneous description of the microbial diversity, especially in the case of species that possess several copies of this gene as mentioned above for Bacillus. Biases associated with the total DNA extraction efficiency also exist since different bacteria have different membrane compositions that may lead to differential cell lysis. Cloning biases are also possible during 16S rDNA fragments ligation and transformation of the produced recombinant plasmids in E. coli.
Understanding the microbial ecology of Texcoco Lake requires an in-depth study, involving sampling of waters, sediments and soils from different locations, depths and periods of the year. A recent study on the depth distribution of microbial diversity in a soda lake in California indicated that microbial diversity was higher in anoxic water samples than in oxic surface water samples, although there was less biomass in deep waters (Humayoun et al. 2003) . Due to the potential applications and the possibility that some clones belong to new species, it is important to perform specific isolation procedures. The information of this study can be used to direct the future isolation and culturing strategies of microorganisms potentially useful for diverse biotechnological applications. This is the first study that uses molecular techniques to investigate potential genetic diversity in the Texcoco Lake region.
